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ABSTRACT 


An  empirical  diffusion  equation  is  numerically  evaluated 
to  provide  average  downwind  travel  distances  and  average  con¬ 
centrations  In  terms  of  measured  temperature  differentials 
near  the  earth’s  surface.  The  resultant  nomograms  and  tables 
for  twelve  rocket  propellants  and  a  combust!  by-product  may 
be  used  to  estimate  the  hazard  corridors  as.  ciated  with  toxic 
vapors  from  these  chemical  compounds. 
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INTRODUCTION 


The  purpose  of  this  report  is  to  present  in  tabular  and 
graphical  form  information  pertaining  to  travel  distances  from 
a  continuous  point  source  of  toxic  vapors  associated  with 
highly  reactive  rocket  propellants  or  the  by-products  of  com¬ 
bustion.  The  information  revealed  by  this  study  forms  a  basis 
for  the  prediction  of  hazard  corridors  and  determining  average 
concentrations  of  dangerous  vapors  that  result  from  the  re¬ 
lease  of  toxic  compounds  into  the  atmosphere. 

The  travel  distance  nomograms  and  tables  for  various 
compounds  were  developed  using  an  empirical  diffusion  model 
originally  developed  by  Miller  and  Miller  (1963) .  The  em¬ 
pirical  model  is  generally  valid  over  a  variety  of  quasi-ho- 
mogeneous  terrains  and  yields  results  which  are  considered 
reliable  within  a  factor  of  2  to  4. 


THE  PREDICTION  EQUATION 


The  prediction  equation  was  determined  from  regression 
analysis  of  experimental  data  pertaining  to  the  diffusion  of 
matter  into  the  atmosphere  from  a  continuous  point  source. 
Miller  and  Miller  (1963)  found  that  an  adequate  expression 
took  the  form 

Q 

^  =  0.000175  x"1,95  (AT  +  10)4’95  (1) 
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where  C  is  the  peak  concentration  in  gm  m  at  a  height  of 
about  1?5  m  above  the  surface  at  a  dowywind  travel  distance 
x,  Q  is  the  source  strength  in  gm  sec  and  AT  is  a  tempera¬ 
ture  differential  in  deg  F  over  an  arbitrary  layer  between 
1.83  and  16 . 46. meters  above  the  surface.  The  constant  10 
is  added  to  AT  to  avoid  raising  a  negative  value  to  a  power. 
Solving  eq  (1)  in  terms  of  the  downwind  travel  distance  of 
a  contaminant  yields 


C 

A(q^)  °  (AT  +  10) C 


(2) 


where  b  and  c  are  universal  constants  and  A  is  a  function  of 
the  gram  molecular  weight  of  the  contaminant. 


For  practical  applications  of  eq  (2),  it  must  be  ex¬ 
pressed  in  units  which  may  be  easily- determined.  This  is 
accomplished  by  converting  gm  m  of  the  respective  gaseous 
contaminants  to  parts  per  raillion^by  volume  under  standard 
conditions  and  converting  gm  sec  to  lb.  min-1.  The  con¬ 
version  is  fairly  simple,  involving  the  use  of  a  factor  for 
the  appropriate  contaminant.  Usually,  C  /Q  is  best  expressed 
as  ppm/lb  min-1.  Under  standard  conditions  1  ppm/lb  min-1 
equals  the  gram_molecular  weight  of  the  gaseous  contaminant 
times  5.89  x  10  ^  sec  m  .  To  obtain  parts  per  million  per 
pounds  per  minute,  Cp/Q  is  multiplied  by  1.70  x  105  and  di¬ 
vided  by  the  gram  molecular  weight.  Then  A  in  eq  (2)  is 
calculated  from  (1.70  x  10^  —  gm.  mol.  wt.  x  .000175)"  x 
3  28  ^eet  •  The  downwind  travel  distance  x  is  given  in  terms 
meter 

of  feet  from  the  source. 


PROPELLANTS  USED  IN  STUDY 


The  rocket  propellants  used  in  this  study  are  listed 
in  Tabie  1 .  Also  included  is  a  toxic  by-product  of  com¬ 
bustion,  namely  hydrogen  fluoride  which  results  from  the 
use  of  liquid  hydrogen  as  a  fuel  and  fluoride  as  an  oxidizer. 
Table  1  includes  threshold  limit  values,  also  known  as  max- 
imum  allowable  concentrations  (MAC)  which  constitute  average 
daily  exposure  values.  Concentrations  less  than  the  MAC  per 
normal  work  day  should  not  have  an  adverse  effect  on  person¬ 
nel.  Threshold  limit  values  for  each  compound  are  given  in 
terms  of  parts  per  million  (ppm),  that  is,  the  volume  of 
the  contaminant  per  million  volumes  of  air  and  in  milligrams 
per  cubic  meter  of  air.  The  standards  for  MAC  values  are 
those  recommended  by  the  American  Conference  of  Government 
Industrial  Hygienists.  Included  in  Table  1  are  the  values  of 
A  in  eq  (2)  for  each  contaminant. 


DISCUSSION 


Eq  (2)  was  evaluated  numerically  using  digital  computer 
techniques  for  C^/Q  over  the  range  0.001  <  C^/Q  <  3.00  and 
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TABLE  1.  Toxic  Chemical  Compounds 


COMPOUND 

CHEMICAL 

STRUCTURE 

GRAM 

MOLECULAR 

WEIGHT 

THRESHOLD  _3 
ppm  mgm“ 

FACTOR 

A 

Aniline 

C6H5NH2 

93.130 

5.0 

19.0 

1.8239 

Chlorine  Trifluoride 

ci  f3 

92.450 

0.1 

0.4 

1.8307 

Ethylene  Oxide 

c2h4o 

44.050 

50.0 

90.0 

2.6779 

Fluorine 

F2 

37.996 

0.1 

0.2 

2.8889 

Hydrazine 

N2H4 

32.050 

1.0 

1.3 

3.1524 

Hydrogen  Fluoride 

hf 

20.010 

3.0 

2.0 

4.0204 

Hydrogen  Peroxide 

H2°2 

34.010 

1.0 

1.4 

3.0579 

♦Monomethyl  Hydrazine 

C113NHNH2 

46.070 

0.5 

0.9 

2.6170 

Nitric  Acids,  Fuming 

hno3 

63.020 

5.0 

9.0 

2.6187 

♦•Nitrogen  Tetroxide' 

N2°4 

46.010 

5.0 

9.0 

2.6187 

Pentaborane 

B5"9 

63.130 

0.005 

0.01 

2.2265 

Perchloryl  Fluoride 

Cl  o3f 

102.450 

3.0 

13.5 

1.7368 

Propyl  Nitrate,  Normal 

c3h7no3 

105.090 

25.0 

110.0 

1.7143 

Unsymmetrical  Dimethylhydrazine 

(ch5)2nnh2 

60.100 

0.5 

1.0 

2.2834 

*  Suggested  threshold  value  of 
*♦  Threshold  values  in  terms  of 

0.5  ppm 

N02.  MAC  for 

N'204  is  2. 

5  ppm. 

for  values  of  AT  in  the  range  -  3.0°F  <  AT  <  9.0°F.  The 
results  in  terms  of  travel  distances  for  each  of  the  1A 
contaminants  are  given  in  Tables  2  through  14  and  Figures 
1  to  13.  No  tables  or  nomograms  were  prepared  for  the  fum¬ 
ing  nitric  acids,  since  the  values  are  identical  to  those 
for  ^0^  which  should  be  used  for  these  oxidizers.  The 
tables  are  condensed  versions  of  those  obtained  from  the 
computer  runs. 

It  should  be  noted  that  the  mean  wind  speed  and  the 
standard  deviation  of  wind  direction  do  not  appear  in  either 
eq  (1)  or  (2),  even  though  these  parameters  are  factors  in 
determining  the  longitudinal  and  lateral  dispersion  of  a 
contaminant.  Miller  and  Miller  (1963)  showed  that  while 
C  /Q  is  a  function  of  wind  speed,  the  inclusion  of  wind 
sReed  in  the  equation  does  not  contribute  significantly 
to  the  predictability  of  C  /Q  after  the  inclusion  of  the 
temperature  differential  iR  the  equation.  Used  separately, 
the  mean  wind  speed  is  quite  useful  in  determining  travel 
time. 


Since  eqs  (1)  and  (2)  were  developed  primarily  as 
simple  practical  expressions  for  use  in  the  field  with  a 
minimum  of  instrumentation,  the  standard  deviation  of  wind 
direction  was  omitted  since  there  is  no  recognized  way  to 
determine  sigmas  from,  say,  an  analogue  wind  direction  re¬ 
corder  trace.  The  lateral  dispersion  of  a  contaminant  and 
hence  the  width  of  a  hazard  corridor  are  determined  sepa¬ 
rately.  It  was  found  by  Miller  and  Miller  (1963)  and 
Haugen  and  Taylor  (1963)  that  within  a  factor  of  2  or  A, 
the  lateral  spread  of  a  contaminant  downstream  of  a  contin¬ 
uous  point  source  may  be  approximated  by  eight  standard 
deviations  of  wind  direction.  It  was  also  found  that  the 
lateral  spread  expressed  s  a  range  could  be  approximated 
from  W  =  1,8R  where  W  is  the  width  of  the  hazard  corridor 
in  degrees  and  R  is  an  arbitrary  range  of  wind  directions 
determined  from  a  recorder  trace.  Values  of  R  may  be  found 
by  eliminating  three  peaks  on  each  side  of  the  mean  wind 
direction  and  then  finding  the  spread  less  these  six  peaks. 
This  is  a  valid  approach  if  the  recorder  speed  is  from  3 
to  6  inches  per  hour  and  the  sampling  time  is  on  the  order 
of  30  minutes  to  an  hour.  This  empirical  scheme  is  limit¬ 
ed  to  wind  direction  recorders  with  5  ma  movements  and  a 
3  to  A  second  full-scale  response  time. 


i 


CONCLUSIONS 


The  average  downwind  travel  distances  of  various  toxic 
gases  as  predicted  by  the  simplified  model  for  atmospheric 
diffusion  have  been  presented.  The  values  derived  for  these 
contaminants  are  considered  to  be  valid  within  a  factor  of 
2  to  4  for  releases  of  toxic  vapors  into  the  atmosphere. 

The  tables  and  nomograms  may  be  used  to  provide  diffusion 
predictions  for  the  compounds  included  in  this  report  for 
the  indicated  atmospheric  conditions. 
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FIGURE  i  .  DIFFUSION  NOMOGRAM  FOR  ANILINE(C6H9NH2). 

THRESHOLD  VALUE  (MAC)  IS  5PPM  OR  I9MG/M3. 


FIGURE  2  DIFFUSION  NOMOGRAM  FOR  CHLORNF  TRIFLUORIDE 
C\F  )  tHRE$HOLl.  'Ui.LF /MAO''  $  0.-!  PPM  OR 


X(FEET)=2.6779  |at(«F)+1 


FIGURE  3  .  DIFFUSION  NOMOGRAM  FOR  ETHYLENE 

OXIDE  [C2H40],  THRESHOLD  VALUE  [MAC] 
.J’  ‘  IS  50  PPM  OR  'T> 


FIGURE  4  .  DIFFUSION  NOMOGRAM  FOR  FLUORINE  ( F2 ) . 

'  THRESHOLD  VALUE  (MAC)  IS  0 1  PPM  OR  02  MG/M 


r-c  -t05I28|-  -,2.5231 

X(FEET)=3.I524  I  if  ®| 
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FIGURE  5  .  DIFFUSION  NOMOGRAM  FOR  HYDRAZINE (N2H4). 

THRESHOLD  VALUE  (MAC)  IS  I  PPM  OR  I.3MG/M9. 


AT(°F)+K) 
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FIGURE  7  .  DIFFUSION  NOMOGRAM  FOR  HYDROGEN  PEROX¬ 
IDE  (H202).  THRESHOLD  VALUE  (MAC)  IS  I  PPM  OR 
1.4  MG/MS. 


rc  -|-Q5l28r  -125231 

X(FEET)= 26170  odrts)  LtWkJ 
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FIGURE  8  .  DIFFUSION  NOMOGRAM  FOR  MONOMETHYLHYDRAZINE 
(CH5NHNH2).  NO  THRESHOLD  VALUE  (MAC)  CURRENTLY 
AVAILABLE.  SUGGESTED  VALUE  IS  0.5  PPM. 


,-0.5I28i-  -,25231 
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FIGURE  12  -  DIFFUSION  NOMOGRAM  FOR  NORMAL  PROPYL 

NITRATE  (C,H7N03).  THRESHOLD  VALUE  (MAC) 

IS  25  PPM  OR  I1C  MG/M3 . 


X(  DISTANCE  FROM  SOURCE  IN  FEET) 


FIGURE  13.  DIFFUSION  NOMOGRAM  FOR  UNSYMMETRICAL 

DIMETHYLHYDRAZINE  [(CH,)2NNH,].  THRESHOLD 
VALUE  (MAC)  IS  0.5  PPM  OR  1.0  MG/M3. 


CP/C  -3  -2  -1  0  +1  +  2  +3  +'•  +  5  +6  +7  +H  +9 

0.001  8558  11986  16134  21047  26769  33341  40«03  49192  5H346  6H899  60287  92742  106297 

0.002  5997  8400  11307  14751  18761  23367  28596  34476  4103?  48288  56269  64998  74496 
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TABLE  9.  DOWNWIND  TRAVEL  DISTANCE  FC'k  MONOMETHYLHYDKAZ  I  NE  AS  A  FUNCTION  OF  CR/O  AND  DELTA 
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